Objectives: This study aims to evaluate balance performance and fear of falling (FOF) in older people with and without diabetes mellitus (DM) and the parameters affecting balance and FOF in older patients with DM. Results: Timed Up and Go test, BDI, BAI, and FES-I scores were significantly higher; BBS, OLST, and MBI scores were significantly lower in patients. There were significant effects of neuropathic pain, hypertension and cardiovascular disease on BBS and FES-I in diabetic patients. One-Legged Stance test, TUG, and FES-I were associated with BBS in diabetic patients. Falls Efficacy Scale-International was significantly correlated with HbA1c, MBI and BBS in patients.
Balance is a complex phenomenon which involves the ability to feel the position of the body relative to your surroundings and utilize motor responses to control body movement. Balance problems may cause falls especially in older people. [1] Many factors may be associated with falls such as age related changes in postural stability, person's ability to control balance and impaired mobility. [1, 2] Reduced self-efficacy related to falls avoidance during daily activities is defined as fear of falling. [3] Fear of falling (FOF) is perceived as a common problem in older people has been associated with restricted activity, decreased physical function and lower quality of life. [3, 4] Diabetes mellitus (DM) is a systemic chronic disease which leads to peripheral and central neuropathy, retinopathy, poor glycemic control and impairments in locomotor function. [5, 6] Apart from these impairments, diabetes medication and/or polypharmacy may cause damage to the balance maintenance systems, besides being a strong predictor of self-referred functional limitations, worsening performance in lower limb functions and falls. [7, 8] The prevalence of diabetic complications significantly increases along with the duration of the disease, age and poor patient glycemic control. [9, 10] Therefore it is not surprising that patients with DM may have balance control problems and FOF. In previous studies, comparing older adults with or without a FOF and/or low balance confidence, associations between FOF and balance performance have been found.
The literature suggests that poor balance and increased FOF may be warning signs for falls in older patients with DM. [7] However, there are not any detailed studies evaluating the factors associated with diminished balance and increased FOF in diabetic patients. [11] [12] [13] This study has been designed as a crosssectional study which aimed to discover the differences of balance performance and FOF in older patients with DM and without DM. Furthermore; diabetes related complications, comorbidities, duration of diabetes, laboratory findings, psychological factors such as depression and anxiety, and the ability to maintain daily activities were evaluated as confounding parameters for balance and FOF in older diabetic patients.
PATIENTS AND METHODS
Between 2013 June -2014 April, a total of 100 patients with DM (37 males, 63 females; mean age 66.8±4.3 years; range 60 to 83 years) and 101 healthy control patients (35 males, 66 females; mean age 68.0±4.3 years; range 64 to 81 years) were enrolled in this study. The study was conducted according to principals of Declaration of Helsinki, 2008, approved by Ondokuz Mayıs University School of Medicine Medical Ethics Committee (302) and all subjects gave written informed consent. Patients with either a known diagnosis of type 2 DM or fasting plasma glucose ≥126 mg/dL according to the American Diabetes Association criteria were included in the study. [14] All participants were questioned about age, sex, highest level of education, employment status, use of assistive devices for ambulation (yes/no), history of chronic diseases and current medications. Height, weight and body mass index (BMI) (kg/m 2 ) were measured according to international standards. All subjects were also asked about the number of falls in the last 12 months. All subjects were asked if they were afraid of falling. In addition, each individual rated her/his self-perception of overall well-being on a Likert-type scale as excellent, very good, good, fair or poor. In diabetic patients, data about clinical features, disease duration, comorbidities, and the type of treatment for DM (insulin, oral, medications and ⁄or lifestyle modification) and recent (≤3 months) Hemoglobin A1C (HbA1c) were recorded from the participant's medical records.
Individuals were excluded if they had concomitant foot ulcers, orthopedic or surgical problems influencing gait, amputation of lower extremities, a non-diabetic neuropathy (as a result of Charcot-Marie-Tooth disease, alcohol or thyroid dysfunction), unstable medical conditions, evidence of vestibular dysfunction, plantar skin sore or joint replacement within the previous year. Symptomatic postural hypotension, neurological pathology influencing gait or an ability to walk 500 m without a walking aid were also reasons for exclusion from the study. Participants diagnosed with severe cognitive impairment, dementia or Alzheimer's disease by a neurologist and/or a psychiatrist, were also excluded. Participants who regularly exercised or participating in any physical activity program, were included.
The Leeds Assessment of Neuropathic Symptoms and Signs (LANSS) pain scale is an easily applied clinical instrument developed and validated to recognize neuropathic pain and set it apart from nociceptive pain. A LANSS score of 12 and above was considered to show the presence of neuropathic pain. The reliability and validity of the Turkish version of LANSS pain scale was performed by Yucel et al. [15] Static balance of the subjects was evaluated with a One-Legged Stance Test (OLST) with eyes open.
Test was performed for 30 seconds. Three trials were allowed and the best result was used. [16] The Berg Balance Scale (BBS) was originally developed for the assessment of postural control, and is widely used in many fields of rehabilitation. The reliability and validity of the Turkish form of BBS was performed by Sahin et al. [17] The Timed Up and Go test (TUG) was used to evaluate mobility. The time required to complete the task is measured in seconds. It has been suggested that elders with longer TUG times are more likely to fall than those with shorter times. [18] The Turkish version of Modified Barthel Index (MBI) was used to evaluate the level of disability with respect to activities of daily living. [19] The MBI consists of 10 activities, scored with respect to physical assistance required.
Falls Efficacy Scale-International (FES-I) is a selfreported questionnaire that assesses level of concern about falls during daily activities. The reliability and validity of the Turkish version of FES-I was performed by Ulus et al. [20] Beck Depression Inventory (BDI) is a self-reported questionnaire that assesses depressive symptoms during the week prior to the interview. The reliability and validity of Turkish version of BDI was performed by Hisli. [21] Beck Anxiety Inventory (BAI) is a self-reported questionnaire that assesses anxiety symptoms during the week prior to the interview. The reliability and validity of Turkish version of BDI was performed by Ulusoy et al. [22] 
Statistical analysis
Statistical analyses were performed using SPSS for Windows version 16.0 software (SPSS Inc., Chicago, IL, USA). The Kolmogorov Smirnov test was used to analyze normal distribution assumption of the quantitative outcomes and all data were not normally distributed. Descriptive data were presented as mean ± standard deviation (SD) or median (minimummaximum). The socio-demographical characteristics of the groups were evaluated by Chi-square test. To compare the groups Mann-Whitney U test was used. Correlations were investigated using Spearman correlation analysis. In DM patients, univariate analysis of variance (ANOVA) was used to assess the effects of gender, presence of neuropathic pain, presence of diabetic complications and comorbidities on BBS and FES-I. Multivariate linear regression analysis was performed in order to analyze the relationship between BBS and FES-I and other clinical assessments in patients with DM. Sample size estimation was performed using PASS 2008 software. In order to have statistical power of 0.90, and p<0.05, it was calculated that 89 subjects in each group were required to detect the differences in OLST scores between the groups. We planned to have a total of 200 study participants in order to increase the trial strength. P values less than 0.05 were considered statistically significant.
RESULTS
The mean duration of the disease was 11.4±8.0 (range 1-36) years. Patients' characteristics by diabetes status are summarized in Table 1 . Sociodemographic characteristics and comorbidities of the patients and control subjects and their comparison are shown in Table 2 .
No significant differences were found regarding age, gender, level of education, occupation, presence of hypertension, use of walking aids and present health status between patients and controls (p>0.05) ( Table 2 ). In contrast, marital status, BMI, presence of hyperlipidemia, cardiovascular disease, fear of falling and number of falls in the last year were significantly different between the two groups (p<0.05). Moreover, the TUG, BDI, BAI, and FES-I scores were also significantly higher in the patient group than in the control group (p<0.001) ( Table 2 ). In addition the scores of BBS, OLST, and MBI were also lower in patients than the controls (p<0.001) ( Table 2 ).
In the patient group; the mean FES-I and BBS scores were 35.2±11.5 (range 16-70) and 42.7±7.4 (range 20-55) in women and 24.6±10.2 (range 16-52) and 49.7±7.8 (range 21-59) in men, respectively. The FES-I scores were significantly higher, and BBS scores were significantly lower in women (p<0.001). Furthermore, gender was found to be effective on FES-I scores (p<0.001) and BBS scores (p=0.002) using univariate ANOVA.
The univariate ANOVA also showed significant effects of the presence of neuropathic pain (p<0.001), the presence of hypertension (p=0.041), and the presence of any cardiovascular disease (p=0.001) on BBS scores. Likewise, the presence of neuropathic pain (p<0.001), presence of hypertension (p=0.032), and presence of any cardiovascular disease (p=0.001) were found to be effective on FES-I scores by univariate ANOVA. No significant effects of diabetes medications or the presence of diabetic complications (peripheral neuropathy, visual impairment, nephropathy, microalbuminuria, and peripheral arterial disease) on FES-I and BBS scores were found by univariate ANOVA (p>0.05).
Spearman's correlation coefficient results for DM patients (Table 3) showed that BBS scores had a strong significant negative correlation between BMI, duration of disease, HbA1c, LANSS, TUG, FES-I, BDI, and BAI scores, positive correlation with MBI and OLST scores (p<0.001) ( Table 3) . On the other hand, FES-I score was positively correlated with BMI, duration of disease, HbA1c, TUG, LANSS, BAI, and BDI scores and negatively correlated with OLST, BBS and MBI scores.
In patients with DM, multiple regression analyses (Table 4) revealed that OLST, TUG, and FES-I scores were associated with BBS. On the other hand, FES-I was significantly correlated with HbA1c, MBI, and BBS scores in diabetic patients (Table 4) . Other variables were not associated with BBS and FES-I scores (p>0.005) ( Table 4) . 
DISCUSSION
The current study is the first comparing the balance and FOF in older patients with type 2 DM and age-and gender-matched controls, along with evaluating the effects of diabetes and psychological status on balance and FOF in older diabetic patients. It is thus understandable that this study shows disturbed balance, increased FOF, reduced mobility and ambulation and increased disability in patients with DM compared to controls.
It is well known that with increasing age, FOF increases and balance is disturbed. [1, 4, 23] since balance and FOF are closely associated parameters. The relationship between balance and FOF in older people has been reported in many studies. [13, 23, 24] But little has been published on the relationship between balance and FOF in older patients with DM. Valpato et al. [5] found that diabetes is associated with an increased risk of falling. High BMI and poor lower extremity performance are stronger predictors of fall in disabled older women with DM. In another study, it was reported that high BMI, educational level, use of walking aids, self-perceived physical health, and balance problems are associated with FOF in community-dwelling older people. [24] However Kim et al. [25] suggested there is no difference regarding FOF and number of falls between normal and overweight/obese patients. The same authors also showed that being more dependent and obese were related with balance disturbance. [25] Although the study sample consisted of elderly people, in this study, balance parameters and FOF scores in patients with DM were worse than the control group. In the current study; DM patients compared to controls had higher BMI and they were more dependent in daily activities. High BMI and dependency in daily activities may have affected balance and FOF. Additionally, the number of falls of diabetic patients within the last year was more than the control group and this might be also a factor for increased FOF.
On the other hand, it has been reported that certain factors induced by diabetes itself have some negative effects on balance and falls. [9, 11] Some authors defined DM and poor balance as independent risk factors for falling. [2, 11] Ageing with DM may add further deterioration of balance compared to those without DM. [1, 7] Several pathophysiological factors may mediate these differences, including decreased muscle strength, motor coordination and proprioception. [6, 8, 12] Many DM related complications such as peripheral neuropathies, poor low contrast visual acuity and poor depth perception are also associated with reduced balance performance. [5, 10, 26] Poor glycemic control, depressive symptoms and some medications may lead to poor balance; consequently increased probability of falls and enhanced FOF. [9, 10] However there is no detailed study evaluating the factors associated with diminished balance and increased FOF in DM. Therefore, the current study aims to identify factors affecting balance and FOF in older patients with DM.
In the current study, univariate analysis revealed that hypertension and cardiovascular disorders were the most important factors for FOF and balance in patients with DM. Cardiovascular disorders, peripheral neuropathy and obesity are risk factors for the deterioration of the physical disability in patient with DM. [8, 27] In women suffering from DM, cardiovascular disease was found to be associated with disability and immobility. Some authors reported that hypertension and cardiovascular disease were more prevalent in older DM patients than in our study. [12, 27] In the same study, [12] balance disturbance was present in all patients regardless of age. This can be explained by the hypothesis that hypertension and cardiovascular disease lead to immobility and inactivity, and they may be predisposing factors for FOF and balance disturbance as previously reported. [8, 11] Additionally, the significant effect of neuropathic pain on FOF and balance was also found in patients with DM by univariate analysis, but peripheral neuropathy was not a factor on balance and FOF. Many studies suggest that peripheral neuropathy significantly influences FOF and balance [8, 26, 28] On the contrary, Kelly et al. [29] and IJzerman et al. [6] demonstrated that FOF was prevalent in older adults with DM but it is unrelated to peripheral neuropathy. Lalli et al. [30] demonstrated that the presence of neuropathic pain in patients with DM might impair gait and stability resulting in increased falls. The results of the current study can be explained by the low rate of peripheral neuropathy in our study. Since the effect of neuropathic pain on balance and FOF is not well known, this study may be guiding in this respect.
According to the results of our study, in DM patients BBS and FES-I were correlated with many clinical parameters except age. However, previous studies have shown that, age was an important factor for disturbed balance and FOF. [13, 28] The patients in the current study were between 61-80 years. In this age range, we have found that balance and FOF were not affected by age. If we had younger and older patients, we might have found that increasing age would be a factor disturbing the balance and increasing the FOF. In multiple regression analysis; the BBS of the DM patients was correlated with TUG, OLST and FES-I and this finding was consistent with other studies. [23, 28] On the other hand, FES-I was associated with HbA1c, MBI and BBS scores. This finding shows us that uncontrolled DM is a more permanent factor on the development of FOF than duration of the disease.
Fear of falling is also associated with sex and previously it was shown that the prevalence of FOF was consistently higher among women than men. [3] It was suggested that being female and getting older are highly associated with FOF. [5, 13, 20] Depression in DM contributes to poor metabolic control, decreased quality of life, and increased medical morbidity and mortality. [31, 32] Furthermore depression and other psychological factors may interfere with the functional mobility of older patients with DM. [31, 32] This study showed anxiety and depression test scores were significantly higher in patients compared to controls, as many investigators reported. [31, 32] Since BDI and BAI are related to BBS and FES-I, our study suggests that DM patients with anxiety and depression may be more likely to have balance disturbances and FOF. Kressig et al. [33] showed depression may lead to an elevated risk of FOF. Therefore; longitudinal studies are warranted to elucidate the role of depression in the pathway from DM to poor balance and falls.
The main limitation of the study is the lack of evaluation of the mental status in patients with DM. The strength of the study is that it is very detailed and had strict exclusion criteria resulting in a homogeneous study. Another strength of the study is that all comorbid pathologies associated with DM were investigated. We also evaluated physiological status affecting the balance and FOF. The study included both women and men thus the results can be extrapolated to both genders. The inclusion of a healthy, age-matched control group of similar features added strength to the study.
In conclusion, in older patients with DM, FOF is increased and they have more balance disturbances compared to age matched individuals without DM. In the aspects of balance and FOF; gender, diabetes regulation, and comorbidities (especially cardiovascular disease and hypertension) and the presence of neuropathic pain have utmost importance in DM patients. Diabetes mellitus is a multi-systemic disease and multidisciplinary management is necessary. While comorbidities and complications of DM are evaluated by an endocrinologist; simultaneously, balance, mobility and functional capacities should be managed by a physiatrist. Older patients have problems induced by aging and DM. Such problems may have negative effects on balance and fear of falling. Strategies preventing falls and keeping balance and those against the fear of falling have utmost importance in these
